We discuss the stability of the drive beam in a relativistic klystron two-beam accelerator (RK-TEiA). Simulations are presented for the main extraction section of an RK-TBA. Longitudinal and transverse equilibria are discussed. Beamline parameters are chosen which correspond to the RTA experiment.
INTRODUCTION
The relativistic klystron two beam accelerator (RK-TBA) concept [I] is actively being pursued by experimental and theoretical programs at LBNL 121, and CENCESTA 131.
The LBNL effort is concerned with building a prototype, the RTA [4], to physics, engineering, and costing issues in a full-scale device from the source and injector, accelerator, modulator, and power extraction sections. The RTA is designed to produce -1 80-200 MW/m of microwave power from standing wave rf cavities in the main extraction section. Kinetic energy in the beam is replaced by the use of highly efficient induction acceleration modules. Transverse focusing is provided by a permanent magnet FODO lattice.
Longitudinal focusing is provided by inductively detuning the rf output structures. The FODO lattice is designed to produce a half-betatron oscillation between adjacent rf cavities, to minimize the effects of a cumulative dipole BBU mode associated with the cavities. A schematic of a single period of the main extraction section is shown in Figure 1 .
In this paper, we discuss the beam dynamics in the main extraction section of the RTA. In particular, we examine the results of numerical simulation using the 3-D, timedependent RKS code [5] . We have modeled the beam dynamics and the evolution of the cavity fields from initial transients into the steady-state regime. The main parameters of the simulation are given in Table 1 .
EVOLUTION IN LONGITUDINAL PHASE-SPACE
The longitudinal dynamics of the rf bunches constitute the heart of any RK-TBA. The energy extracted from the bunches in the rf cavities must be replaced by the induction modules. phase space. The re-acceleration in the induction modules is weakly dependent upon the dc beam current, hut the rf cavity field excitation is strongly dependent upon both the dc current and the bunching parameter, h (z ~I r f / l d e ) . In our simulations, we see that while the dc current carried by a given bunch remains relatively constant, the bunching parameter varies significantly along the beamline, as well as temporally during the initial current ramp of the beam head. In Figure 2 , we show the variation of the hunching parameter along the beamline, for hunches of lower dc current in the beam head through bunches in the main body of the beam. This clearly shows the synchrotron oscillation that follows the hunch rotation, shown in Figure 3 .
We also see another effects of inductive detuning. Low current, moderately compressed bunches resonantly excite cavity modes that react upon later hunches, which become more highly compressed. Due to their smaller bunch length, these later bunches will excite stronger fields in cavities further down the beamline, losing more energy as they do so. This is shown in Figure 4 .
Later along in the synchrotron oscillation, these later bunches have a longer bunch length and deposit less energy into the cavity modes. Hence, they lose less energy in traversing a cavity. Inductive detuning thus has two manifestations in the bunch dynamics: a rotation in the longitudinal phase space of the bunch; and an oscillation in the hunch centroid energy. These oscillations affect the coupling of the bunch to the rf cavities, resulting in an oscillation along the beamline of the output power levels of the cavities, shown in Figure 5 .
EVOLUTION IN TRANSVERSE PHASE-SPACE
The behavior of the bunches in longitudinal phase space effect the transverse dynamics as well. In particular we notice that an initially matched transport system, loses that feature as the bunch compresses and the bunch energy spread increases. The effect of bunch compression is to enhance the peak radial, defocusing self-fields in the presence of the conducting beampipe, while the enhanced energy spread introduces lower energy particles into the transport lattice. These two effects can, in principle, be dealt with by appropriately adjusting the strength of the quadrupoles along the beamline. In our studies we have maintained a constant parameter FODO lattice. In Figure 6 we show the evolution of the two transverse rms envelopes along the beamline for bunches in the center of the beam. In Figure I , we show the evolution of the normalized rms transverse emittance. These simulations do not include the influence of transverse dipole modes in the induction modules or rf cavities. Thus, we have not included the important BBU instabilities that have shown to limit current transport in RK-TBA's. However, this simulation shows that pure rf monopole modes, 3-D space charge effects, and quadrupole transport do not significantly increase the transverse emittance in the beam. On average, we see these effects contributingan increase of -0.5%/TBA period.
CONCLUSIONS
We have presented simulations of beam transport and the evolution in longitudinal phase space in an RK-TBA system. Longitudinal stability has been shown to result from inductively detuning the output rf structures. The coupling between longitudinal and transverse phase spaces has been shown to result in only a modest growth rate of the transverse emittance.
